Introduction
[2] During quiet solar and geomagnetic times, the total outflow from the ionosphere is on the order of 1 × 10 25 ions/s [Yau and Andre, 1997] . However, the fraction of this O + that eventually escapes completely from the magnetosphere is not known. Seki et al. [2001] identified four pathways for ion escape, and estimated the amount of loss through each pathway. The four pathways are the escape of plasmaspheric ions out the front side magnetosphere, the drift of ions from the plasma sheet and ring current to the front side magnetosphere, the escape of cusp-origin ions tailward through the lobe/mantle region, and the escape of ions tailward through the plasmasheet, either through plasmoids or through the non-plasmoid plasma sheet, tailward of the distant neutral line. While there have been previous measurements of O + in the distant tail [e.g., Christon et al., 1994; Lui et al., 1994; Zong et al., 1997] , there have been no estimates of the amount of O + escaping through this final path, either through plasmoids or through the quiescent plasma sheet, because the previous measurements have predominantly been of energetic particles.
[3] O + has also been observed in the deep tail in the lobe/ mantle region [e.g., Seki et al., 1998 ]. These observations show that cold O + beams, which likely originate in the cusp/ cleft region, are observed as far down the tail as 200 R E . Their observed velocity increases with downtail distance, and they co-exist with field aligned proton distributions of solar wind origin that are at nearly the same velocity.
[4] In this paper we report observations by the PLASTIC instrument on STEREO-B of tailward flowing O + observed in the deep tail. STEREO-B was in the magnetosheath and magnetotail in February 2007, a period during solar minimum. There were no geomagnetic storms reported that month. Thus the measurements here represent a time of low ionospheric input, providing a baseline for the amount of O + present in the distant tail.
Instrumentation
[5] Measurements in this paper are from the PLASTIC instrument [Galvin et al., 2008] and the magnetometer [Acuna et al., 2008] on the STEREO spacecraft. The PLASTIC instrument is designed to measure the solar wind and suprathermal ion composition over the energy range 200 eV/e to 80 keV/e. The PLASTIC instrument is divided into a "solar wind sector" that covers 45°in the sunward direction in the ecliptic plane, and +/− 20°out of the ecliptic plane and the "wide angle partition" that covers the rest of the ecliptic plane, with some gaps due to blockage, with an angular field of view of 3°out of the ecliptic. Thus, the instrument measures a good fraction of the 3D velocity distribution close to the ecliptic plane. Because the instrument's primary goal is to measure the solar wind, many of the data products used, including the routinely calculated moments, which are shown in Figures 1 and 2 , only include data from the solar wind sector. Figure 1c shows the proton energy spectra from STEREO B. The peak in the energy closely follows the changes in the solar wind velocity, as expected. However the spectrum is broad and extends to high energies, indicating that the spacecraft is in the magnetosheath or plasma sheet throughout this time period. Figure 1d shows Figures 1g and 1h show the AE and Kp indices for this time period. The high-speed solar wind streams tend to correlate with higher geomagnetic activity, but the Kp remains low to moderate throughout this time period, and no storms were reported during this month.
Observations
[7] In this paper, we concentrate on an example of an O In the final period, B x turns negative, while B y again dips toward zero. When the spacecraft is in the magnetosheath, for example from 9:00-10:00, there are very few energetic particles, and the angular distribution of the low energy protons (Figure 2j ) is highly peaked at 0°. During the O + time periods, energetic H + is observed, and the angular distribution of the low energy H + within the 40°range is isotropic. The magnetic field signatures, the changes in the moments, the energetic ions, and the broader angular distributions all indicate that the spacecraft has moved across the magnetopause into the northern plasma sheet or plasmasheet boundary layer. That the spacecraft does not first encounter the lobe is most likely because it is located far on the dusk side.
[8] A spacecraft at 200 R E is normally tailward of the distant neutral line [Zwickl et al., 1984] . The observations presented here show that O + is escaping down the tail even in these solar and geomagnetically quiet time periods. To calculate the amount of O + observed, we concentrate on one time period, from 6:40 to 7:40. This time period was chosen because it is the longest excursion into the plasma sheet/ boundary layer during this day, and so it allows us to accumulate sufficient statistics to obtain an O + spectrum. So far, we have shown data from the solar wind sector. We need to estimate the amount of plasma in the full 3D distribution in order to calculate the amount of O + . Because the spacecraft is not in the solar wind or magnetosheath, the assumption that the full distribution is measured in the solar wind sector is likely no longer valid. However, previous observations have shown that on average, the plasma sheet plasma beyond 200 R E is flowing downtail at a velocity similar to the solar wind speed [Zwickl et al., 1984] . In addition, it has been shown that the suprathermal particle distribution can be consistent with an isotropic population convected down the tail [Gloeckler et al., 1984; Christon et al., 1994] . To test if that is the case, we compare the distributions flowing in the anti-sunward direction (the solar wind sector) with the distributions flowing in the sunward direction. Figure 3a Gloeckler et al. [1984] , we assume that there is a frame in which the distribution is isotropic. Figure 3b shows the same spectra, but now in a frame moving tailward at 500 km/s. In this frame, the distributions from the different positions line up, validating the assumption. While agreement is not perfect, the positions agree within the uncertainties of the calibration for these positions.
[9] Low instrument efficiencies for composition data in the sunward flowing positions prevent us from performing the exact same test using the O + data. However, position 6, has good efficiency and sufficient counts to perform a similar test. Figure 3a also shows the O + distribution functions from the solar wind sector and from position 6. Again, making the assumption that the population is isotropic, and moving tailward at 500 km/s, this position will only have a small velocity shift, because it is almost perpendicular to the direction of motion. As shown in Figure 3b , when shifted using the same assumptions, these distributions also line up well.
[10] By integrating over the measured energy range, and assuming isotropy in the plasma rest frame, we determine the density of the bulk O + and H + populations flowing down the tail. The results of the density calculations are given in . The net flux of O + down the tail, calculated by multiplying the density by the velocity, 500 km/s is 1.4 × 10 4 cm −2 s −1 .
[11] To compare these measurements with measurements in the near-earth plasma sheet under similar conditions we use the Cluster/CODIF instrument [Rème et al., 1997] . In October-November 2006, the Cluster apogee was in the dusk-side plasma sheet. We have scanned the Cluster data for October and November 2006 to find time periods when Cluster is in the plasma sheet, the Dst index is low, so that there is no storm activity, and the solar wind speed is similar to that during our STEREO event, around 500 km/s. Five time periods met these criteria. The specific times, the Dst, Kp, F10.7, and solar wind velocities during these intervals are given in Table 1 . Figure 4a shows the comparisons of the O + phase space density at STEREO and in the near-earth plasma sheet. The spectra from both spacecraft are shown in the plasma rest frame, which is a frame with no bulk velocity for Cluster, and is a frame moving at 500 km/s for STEREO. The O + phase space density at Cluster is about a factor of 10 higher than at STEREO. The comparison of the proton distributions is shown in Figure 4b . At high velocities, the distribution function is again about a factor of 10 higher at Cluster than at STEREO. However at lower velocities, the protons exceed the value at Cluster, and have a magnetosheath-like spectrum. STEREO is very close to the magnetosheath, and is most likely in a boundary layer region. Table 1 The same spectra now assuming a frame moving tailward at 500 km/s. because of the larger solar wind ion contribution in the boundary layer.
[12] If we assume that the O + flux we observe is constant across the plasma sheet, we can estimate the total O + lost down the plasma sheet during quiet times. While our observations are made in a boundary layer region, the O + spectrum and the high energy portion of the H + spectrum appear typical for plasma sheet, making this assumption reasonable. By assuming that the plasma sheet is 40 R E wide [Seki et al, 2001] and 5 R E thick [Pulkkinen et al., 1993; Christon et al., 1998 ] we end up with a total outflow of 1.1 × 10 24 ions/s lost through this pathway.
Discussion
[13] The time period discussed in this paper is during solar minimum, and there was no geomagnetic storm activity. In addition, we do not observe signatures of plasmoids in the magnetic field. Plasmoids are normally associated with a bipolar signature in B z , and sometime B y , and an increase in total pressure [Ieda et al., 1998] , and neither of these are observed in our case. Thus our interpretation is that during this time we are observing the quiet plasma sheet boundary layer on the dusk flank, adjacent to the magnetosheath, and tailward of the neutral line.
[14] For O + to escape through the quiescent plasma sheet tailward of the distant neutral line, it must first be transported to the distant tail. When field lines reconnect at the distant neutral line, the field lines, and the plasma on these field lines move from the lobe mantle region into the plasma sheet. Thus the O + that we observed is likely entering from the lobe. Seki et al. [2001] calculate the flux for the O + beams that have been observed in the deep tail lobe. They find that the flux of the beams predominantly falls in the range from 5 × 10 3 cm −2 s −1 to 5 × 10 4 cm −2 s −1 . Thus the flux observed in the plasma sheet at this time, 1.1 × 10 4 cm −2 s −1 , falls right in the range of the flux of the beams observed in the tail. Seki et al. [1998] also showed a strong Kp dependence in the occurrence frequency of the beams, with only 10% of the observations containing O + for Kp = 2. Thus, while our flux values are consistent with the beams in general, it is still surprising that we see significant O + during this time. We speculate that this may be due to a solar wind velocity dependence that enhances the O+ in the deep tail, even for low Kp. Seki et al. [1998] showed that the time periods with significant cold O + beams were the time periods when the mantle population had the highest velocity. Since this mantle population has its source in the solar wind, these times with high O + are likely to be times with high solar wind velocity. Thus, although the activity is low, the high solar wind velocity may be the factor that increases the transport of O + down the tail, from where it can then enter the distant plasma sheet.
[15] The rate of O + lost, 1.1 × 10 24 ions/s, is ∼10% of the total outflow from the ionosphere. Seki et al. [2001] estimated that the escape rate of the lobe/mantle beams is 1.6 × 10 24 ions/s in the mid-tail (75-150 R E ) region, and 0.59 × 10 24 ions/s in the far-tail (150-210 R E ) region. This gives a consistent picture that the beams continue to enter the plasma sheet through reconnection at the distant neutral line, providing the source for the plasma sheet population. The loss rate is of the same order as the estimated loss through the front-side magnetopause pathways.
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